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PROCESS FOR PRODUCING DICHLOROPROPANOL FROM GLYCEROL, THE GLYCEROL COMING 
EVENTUALLY FROM THE CONVERSION OF ANIMAL FATS IN THE MANUFACTURE OF BIODIESEL 

The present application claims benefit of US provisional patent application 
60/560676. 

The present invention relates to processes for producing an organic 
5 compound, in particular to a process for producing dichloropropanol. 

It is known that natural petrochemical resources, for example oil or natural 
gas, that are available on earth are limited. Now, these resources are used for 
producing fuels and as a starting product for producing a large variety of useful 
organic compounds such as monomers or reactants for producing plastics, for 
10 example epichlorohydrin or dichloropropanol (see, for example, Ullmann's 

Encyclopedia of Industrial Chemistry, 5. ed, Vol. A9, p. 539-540). Documents 
Chemistry and Industry, November 20, 1931, Part m, pages 949 to 954, and 
November 27, 193 1, Part m , pages 970 to 975, describe a process for the 
synthesis of dichloropropanol from glycerol and hydrochloric acid in the 
15 presence of acetic acid as acid catalyst. 

According to known processes for producing dichloropropanol, the product 
is generally obtained in highly diluted solution with a titre of 5 to 1 5% by 
weight It is then particularly expensive to purify it. Moreover, the major isomer 
obtained according to such processes is 2,3-dichloropropane-l-oL 
20 It was desirable to find uses and processes making it possible to reduce the 

consumption of natural petrochemical resources, in particular for the 
abovementioned uses. 

It was also desirable to find processes for re-using by-products of other 
production processes so as to minimize the overall amount of by-products having 
25 to be eliminated or destroyed. 

Consequently, the invention relates to the use of glycerol obtained from 
renewable raw materials, as a starting product for producing organic compounds. 

The use according to the invention makes it possible to obtain a large 
number of organic compounds while at the same time minimizing the 
30 consumption of natural oil resources. The glycerol derived from renewable raw 
materials can be readily and effectively used in reactions for producing organic 
compounds, in particular organic compounds comprising a number of carbon 
atoms which is a multiple of 3. If necessary, the crude glycerol can be readily 
purified with a view to it being used in the production of organic compounds. 
35 The expression "glycerol obtained from renewable raw materials" is 

intended to denote in particular glycerol obtained in the course of the production 
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of biodiescl, or else glycerol obtained during conversions of fats or oils of plant 
or animal origin in general, such as saponification, trans-estorification or 
hydrolysis reactions. A particularly suitable glycerol can be obtained during the 
conversion of animal fats. Another particularly suitable glycerol can be obtained 
5 during the production of biodicsel. 

In contrast, synthetic glycerol is generally obtained from petrochemical 
resources. 

In the use according to the invention, the glycerol can be a crude product or 
a purified product. When the glycerol is a crude product, it can comprise, for 

10 example, water and a metal salt, in particular a metal chloride, which is 

preferably chosen from NaCl and KCL The metal salt can also be selected from 
metal sulphates such as sodium sulphate and potassium sulphate. The crude 
product can also contain organic impurities such as carbonyl compounds, in 
particular aldehydes, fatty acids, or esters of fetty acids, such as in particular 

1 5 monoglycerides or diglycerides, optionally in combination with water and/or the 
metal chloride. 

In the use according to the invention, the crude product generally 
comprises at least 40% by weight of glycerol. Often, the crude product comprises 
at least 50% by weight of glycerol. Preferably, it comprises at least 70% by 

20 weight of glycerol. Often, the crude product comprises at most 99% by weight of 
glycerol. Typically, it comprises at most 95% by weight of glycerol. 

In the use according to the invention, the crude product generally 
comprises at least 5% by weight of water or, in the absence of other compounds, 
at least 1% by weight of water. In the use according to the invention, the crude 

25 product generally comprises at most 50% by weight of water or, in the absence 
of other compounds, at most 60% by weight of water. Often, the crude product 
comprises at most 30% by weight of water, preferably at most 21% by weight of 
water. 

In another embodiment, the crude product comprises at most 89% by 
30 weight of glycerol. In that embodiment, the crude product comprises at most 
85% by weight of glycerol. In that embodiment, the crude product comprises 
generally at least 10% by weight of water and often at least 14% by weight of 
water. 

Where appropriate, the crude product generally has a metal salt, in 
35 particular a metal chloride content of at least 1% by weight, preferably greater 
than or equal to approximately 3% by weight Where appropriate, the crude 
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product generally has a metal salt, in particular a metal chloride content of at 
most 10% by weight, preferably less than or equal to approximately 5% by 
weight. 

When purified glycerol is used in the use according to the invention, said 
5 glycerol is obtained, starting with the crude product, by means of one or more 
purification operations such as a distillation, an evaporation, an extraction, or 
else a concentration operation followed by a separation operation such as settling 
out, filtration or centrifugation. A distillation operation gives good results. It is 
also possible to carry out an operation consisting in drying the crude product or 

10 the product derived from the purification operations. It is also possible to carry 
out a purification operation which comprises treating the crude product or a 
product obtained from another purification operation, with a resin. An example 
of such a treatment is a chromatography operation over an ion-exchange resin, in 
particular an anion exchange resin. 

15 In the use according to the invention, the purified product generally 

comprises at least 80% by weight of glycerol. It preferably comprises at least 
90% by weight of glycerol. Often, the purified product comprises at most 99.9% 
by weight of glycerol. It can comprise at most 97% by weight of glycerol. It can 
also comprise at most 95% by weight of glycerol. 

20 In the use according to the invention, the purified product generally 

comprises at least 0. 1% by weight of water. In the use according to the invention, 
the purified product generally comprises at most 20% by weight of water. Often, 
the purified product comprises at most 10% by weight of water. It preferably 
comprises at most 5% by weight of water. In a particular variant, the purified 

25 product comprises at most 3% by weight of water. 

In a preferred variant of the use according to the invention, the purified 
glycerol product generally comprises at most 0.5% by weight of aldehydes. It 
preferably comprises at most 0. 1% by weight of aldehyde. Often, the purified 
glycerol product generally comprises at least 1 mg/kg by weight of aldehydes. 

30 It has been found particularly advantageous to reduce the content or totally 

remove aldehydes possibly present in the crude product, during an evaporation 
step for instance. This allows to obtain less coloured products from the use 
according to the invention. 

In a variant of the use according to the invention, the glycerol contains at 

35 least one other alcohol, preferably chosen from methanol and ethanol. The 

alcohol content in the purified product may, for example, be at least 10 mg/kg. 
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Generally, this content is less than or equal to 10% by weight A content of 
another alcohol of less than or equal to 1000 mg/kg is preferred. 

The use according to the invention applies in particular to the production of 
organic compounds comprising a number of carbon atoms which is a multiple 
5 of 3. In a first preferred embodiment, the organic compound comprises 3 carbon 
atoms. In a second preferred embodiment, the organic compounds comprise 6, 9, 
12, 15 or 1 8 carbon atoms, preferably 6, 9 or 12 carbon atoms. 

The use according to the invention also applies in particular to the 
production of oxygenated organic compounds preferably comprising a number of 
1 0 carbon atoms as described above. 

The use according to the invention applies particularly preferably to the 
production of chlorinated compounds such as dichloropropanol and 
epichlorohydrin. Surprisingly, the use according to the invention makes it 
possible to economically obtain these compounds starting from renewable 
IS resources. 

Consequently, the invention also relates to a process for producing an 
organic compound, comprising the use according to the invention. 

Consequently, the invention also relates in particular to a method for 
producing a chlorinated organic compound, according to which glycerol obtained 
20 from renewable raw materials is used, in accordance with the use according to 
the invention, and said glycerol is brought into contact with at least one 
chlorinating agent. It is understood that the methods of production described 
hereinafter can also be carried out with glycerol in general and are not limited to 
the preferred use of glycerol obtained from renewable raw materials. 

In the process for producing a chlorinated organic compound according to 
the invention, the chlorinating agent may be an agent for oxidative chlorination 
or substitutive chlorination. An agent for substitutive chlorination is preferred. 

Among the agents for oxidative chlorination, mention may in particular be 
made of chlorine. 

Among the agents for substitutive chlorination, mention may in particular 
be made of a chlorinating agent comprising hydrogen chloride. 

This chlorinating agent is particularly advantageous, since it is often 
obtained as a by-product in organic chlorination, elimination or substitution 
reactions, or else by combustion. The present invention makes it possible to 
valorize this by-product 
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In a first variant, the chlorinating agent is substantially anhydrous 
hydrogen chloride. 

This variant is particularly advantageous when the production takes place 
on the same site as a production of hydrogen chloride, for example a production 
5 of vinyl chloride or of 4,4-methylenediphenyl diisocyanate <MD1), which 
provides hydrogen chloride as a by-product. 

In a second variant, the chlorinating agent is an aqueous solution of 
hydrogen chloride. In this case, the hydrogen chloride content of the solution is 
generally at least 4% by weight. Preferably, this content is greater than or equal 
10 to 20% by weight. In this case, the hydrogen chloride content of the solution is 
generally at most 37% by weight. 

This particular aspect makes it possible to valorize low-quality 
hydrochloric acid derived, for example, from the pyrolysis of chlorinated organic 
compounds or having been used for stripping metals. 
15 In particular, it is possible to use hydrochloric acid loaded with 

dichloropropanol originating, for example, from a reaction for producing 
dichloropropanol by hypochlorination of the allyl chloride, according to the 
usual process for synthesizing this product. 

In a particular aspect, concentrated hydrochloric acid, generally comprising 
20 from 28 to 37% by weight of hydrogen chloride, is used as a primary source of 
the chlorinating agent, and said concentrated hydrochloric acid is separated, for 
example by evaporation, into at least two fractions, the first consisting essentially 
of anhydrous hydrogen chloride and the second comprising hydrogen chloride 
and water in proportions in which they form an azeotrope, said azeotrope 
25 consisting, at a pressure of 101 .3 kPa, of 1 9 to 25% of hydrogen chloride and of 
75 to 81% by weight of water, in particular of approximately 20% by weight of 
hydrogen chloride and of approximately 80% of water. 

This particular aspect makes it possible to use a readily transportable 
chlorinating agent while at the same time allowing an effective control of the 
30 water content in the reaction medium, in particular when the reaction between 
the glycerol and the chlorinating agent is carried out in several steps. 

In a third variant, the chlorinating agent is hydrogen chloride generated in 
situ within the reaction medium, for example starting with an inorganic acid such 
as sulphuric acid or phosphoric acid, and a suitable metal chloride such as NaCl, 
35 KC1 or CaCl 2 . 
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These various variants may be combined; thus, for example, a supply of 
aqueous IIC1 can be completed with a supply of gaseous and/or anhydrous UCL 

The process for producing a chlorinated organic compound according to 
the invention is generally carried out in a reactor made of or coated with 
5 materials that are resistant, under the reaction conditions, to the chlorinating 
agents, in particular to hydrogen chloride. 

By way of suitable material, mention may be made, for example, of 
enamelled steel. Polymers may also be used. Among the polymers, polyolefins 
such as polypropylene, and in particular fluorinated polymers such as 
10 polytetrafluoroethylene, poly(vinylidene fluoride) and 

poly(perfluoropropylvinylether), and polymers comprising sulphur, such as 
polysulphones or polysulphides, that are in particular aromatic, are very suitable. 

Coatings by means of resins can be used effectively; among these, epoxy 
resins or phenolic resins are particularly suitable. 
1 5 Certain metals or alloys thereof may also be suitable. Mention may in 

particular be made of tantalum, titanium, copper, gold and silver, nickel and 
molybdenum, in particular alloys containing nickel and molybdenum. They may 
be vised within the mass, or in the form of cladding, or else by means of any 
coating process. 

20 Ceramics or metalloceramics and also refractory materials can also be 

used. 

For certain specific components, for example heat exchangers, graphite, 
which may or may not be impregnated, is particularly suitable. 

In the process for producing a chlorinated organic compound according to 
25 the invention, the reaction between the glycerol and the chlorinating agent may 
be carried out in the presence or in the absence of a catalyst It is preferred to 
carry out the reaction in the presence of a suitable catalyst. 

In this case, a catalyst based on carboxylic acid or on carboxylic acid 
derivatives, such as a carboxylic acid anhydride, a carboxylic acid chloride, a 
30 carboxylic acid salt or a carboxylic acid ester, is advantageously used. The 

carboxylic acid in the catalyst generally comprises from 1 to 20 carbon atoms. It 
preferably comprises 1, 2, 3, 4, 5, 6, 7 or 8 carbon atoms. The carboxylic acid 
preferably contains more than 4 carbon atoms. An acid or acid derivative having 
an atmospheric boiling point of greater than or equal to 200°C, preferably greater 
35 than or equal to 220°C, is very suitable. Generally, the acid or acid derivative is 
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soluble in the reaction medium at the reaction temperature. Preferably, this acid 
or acid derivative does not form an azeotrope with water. 

The Henry's constant of the catalyst, in particular the acid or acid 
derivative at 25°C is generally less than or equal to 10^ atm.m 3 .mor 1 , preferably 
5 less than or equal to 10" 8 atm.m 3 jnol -1 . This variant makes it possible in 

particular to draw off the water and the chlorinated organic compound produced, 
while at the same time conserving virtually all the catalyst in the reaction 
medium, and particularly good conversions of glycerol to desired product can be 
obtained. The chlorinated organic compound produced can be readily recovered 
10 with a high purity. 

Particular examples of catalysts are based on at least one carboxylic acid 
chosen from acetic acid, formic acid, propionic acid, butyric acid, fatty acids and 
aromatic carboxylic acids such as benzoic acid, that are optionally substituted. 

Another particular example of carboxylic acids are poly(carboxylic acids) 
15 such as di-, tri- or tetracarboxylic acids. Dicarboxylic acids are preferred. 

In a first embodiment, the catalyst is based on acetic acid. 

In a second preferred embodiment, the catalyst is based on substituted 
benzoic acid. In this embodiment, the aromatic ring often carries at least one 
substituent in the 2- or 4-position. This substituent is advantageously among the 
20 inductive and mesomeric capturing groups such as a nitro group, or among the 

mesomeric donating and inductive capturing groups such as a hydroxyl group, an 
alkoxy group, such as methoxy group, or the halogens such as chlorine and 
fluorine, or an optionally alkylated amino group, and among these, in particular a 
di- or trialkylamino group. 
25 Specific examples of catalysts are chosen from salicylic acid, 

4-chlorobenzoic acid, 2,4-dichlorobenzoic acid, 4-nitrobenzoic acid and 
2,4-dinitrobenzoic acid. 

In a third preferred embodiment, the catalyst is based on a fatty acid. 
Preferred examples are chosen from butyric acid, valeric acid, caproic acid, 
30 heptanoic acid, octanoic (caprylic) acid, lauric acid, decanoic acid or mixtures 
thereof. Octanoic (caprylic) acid is a particularly preferred example of such an 
acid. 

In a fourth preferred embodiment, the catalyst is based on a 
poly(carboxylic acid). Preferred examples are chosen from succinic acid, glutaric 
35 acid and adipic acid. Adipic acid is preferred. 
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Pure or purified catalyst can be introduced into the reactor as such or in 
solution in one of the reactants such as for example glycerol or aqueous 
hydrochloric acid or in an appropriate solvent for example selected from water, 
glycerol monochlorohydrin and dichloropropanol. The addition of the catalyst 
5 can be performed in a continuous or discontinuous way. 

The catalyst concentration in the reaction medium can suitably be 
optimized in order to minimise the reaction medium volume. The expression 
"catalyst concentration" is intended to denote the concentration of the acid and of 
its derivatives (esters for instance). The catalyst concentration is expressed in 

10 mol of acid and acid derivative, in particular ester moieties per kg of liquid 
reaction medium. This concentration is generally higher than or equal to 
0.1 mol/kg, preferably higher than or equal to 1 mol/kg and most preferably 
higher than or equal to 2 mol/kg. The catalyst concentration as defined above is 
usually lower than or equal to 10 mol/kg, specifically lower than or equal to 

15 8 mol/kg and more specifically lower than or equal to 4 mol/kg. 

In particular, the second, third and fourth preferred embodiments make it 
possible to obtain a good yield of desired product, in particular when the reaction 
is carried out continuously, and to readily separate this product from the reaction 
medium and from the catalyst. In particular in the fourth embodiment, it is 

20 possible to obtain, at the end of the reaction, a chlorinated organic compound of 
very high purity, optionally as a mixture with water. It is often possible to 
introduce said chlorinated organic compound, in particular dichloropropanol, 
without prior purification, into a subsequent reaction step, for example for 
producing epichlorohydrin. 

25 In the process according to the invention, the reaction is generally carried 

out at a temperature of at least 20°C. This temperature is often at least 60°C. It is 
preferably at least 80°C. A temperature of greater than or equal to approximately 
90°C is more particularly preferred. In the process according to the invention, the 
reaction is generally carried out at a temperature of at most 160°C. This 

30 temperature is often at most 140°C. It is preferably at most 120°C. 

In another embodiment, the reaction is carried out at a temperature of 
greater than or equal to 1 10°C. This temperature is often greater than or equal to 
1 15°C. It is preferably greater than or equal to approximately 120°C. In this 
embodiment, the reaction is generally carried out at a temperature of at most 

35 1 60°C. This temperature is often at most 140°C. It is preferably less than or 
equal to approximately 130°C. 
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This embodiment is particularly preferred when the reaction is carried out 
continuously. 

In still another embodiment, the reaction is carried out at a temperature of 
greater than or equal to 160°C. This temperature is often greater than or equal to 
5 1 70°C. It is preferably greater than or equal to approximately 1 80°C. In this 
embodiment, the reaction is generally carried out at a temperature of at most 
30O°C. 

In the process according to the invention, the reaction is generally carried 

out at a pressure of at least 0.3 bar. The reaction is often carried out at a pressure 
10 of at least 0. 5 bar. This pressure is preferably greater than or equal to 

approximately 1 bar (atmosphere pressure). In the process according to the 

invention, the reaction is generally carried out at a pressure of at most 100 bar. 

This pressure is often at most 20 bar. It is preferably at most 1 5 bar and most 

preferably at most 10 bar. 
15 In particular when hydrogen chloride is used as the chlorination agent, 

reaction products in the process for producing a chlorinated organic compound 

are sufficiently stable to allow for combination of high reaction pressure and 

high reaction temperature thereby allowing to reduce the volume of equipments. 
In a preferred first aspect of the process according to the invention, the 
20 reaction is carried out under a slight vacuum as described above. This makes it 

possible in particular to remove the water from the reaction medium as it forms 

or as the reaction progresses. 

In a second preferred aspect of the process according to the invention, the 

reaction is carried out under an increased pressure as described above. This 
25 makes it possible in particular to maintain, where appropriate, a hi^h 

concentration of HC1 in the reactor and to thus increase the reaction rate. 

The process according to the invention is preferably carried out in the 

liquid phase. 

In a continuous process, the residence time, which is the ratio of the 
30 volume of liquid medium in the reactor to the flow rate by volume of the 
reactants, is generally greater than or equal to 1 hour. Advantageously, the 
residence time is greater than or equal to 5 hours. In a continuous process, the 
residence time, which is the ratio of the volume of liquid medium in the reactor 
to the flow rate by volume of the reactants, is generally less than or equal to 50 
35 hours. Good results are also obtained with a residence time, as defined above, of 
2 to 4 hours. 



WO 2005/054167 



10 



PCT/KP2004/05J008 



The residence time can alternatively be defined as the ratio of the volume 
of liquid medium in the reactor to the flow rate by volume of glyceroL In this 
case, the residence time is generally greater than or equal to 1 hour, preferably 
greater than or equal to 5 hours. Advantageously, the residence time is greater 
5 than or equal to 10 hours. In this case, the residence time defined as the ratio of 
the volume of liquid medium in the reactor to the flow rate by volume of 
glycerol is generally less than or equal to 100 hours, preferably lower than or 
equal to 50 hours and most preferably lower than or equal to 30 hours. A 
residence time equal to or less than about 20 hours is particularly well suited 
10 In a batch process, the reaction time is generally from 1 to 20 hours. 

In the process for producing a chlorinated organic compound according to 
the invention, at least dichloropropanol is preferably obtained as chlorinated 
organic compound. 

The term "dichloropropanol" is generally intended to mean a mixture of 
1 5 isomers consisting essentially of 1 ,3-dichloropropane-2-ol and of 2,3 - 
dichloropropane- 1 -ol. 

In the process for producing a chlorinated organic compound according to 
the invention, a high selectivity for l,3-dichloropropane-2-ol is surprisingly 
obtained, which isomer is particularly suitable as starting product for a 
20 dehydrochlorination with a view to producing epichlorohydrin. In this aspect of 
the process for producing a chlorinated organic compound according to the 
invention, the reaction medium generally comprises from 10 to 95% by weight 
of dichloropropanol. It preferably comprises from 50 to 90% by weight of 
dichloropropanol. 

25 In one variant, which is particularly preferred in a continuous process, the 

liquid reaction medium comprises from 1 to 10% of dichloropropanol by weight 
relative to the total weight of the liquid reaction medium. 

In another variant, which is particularly preferred in a continuous process, 
the liquid reaction medium comprises from 10 to 50% of dichloropropanol by 

30 weight relative to the total weight of the liquid reaction medium. 

In the process for producing a chlorinated organic compound according to 
the invention, the reaction medium generally comprises from 1 to 50% by weight 
of water. It often comprises from 1 to 1 5% by weight of water. It preferably 
comprises at most 10% by weight of water. A water content of less than or equal 

35 to approximately 5% by weight is more particularly preferred. 
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In a particular aspect, the process for producing a chlorinated organic 
compound according to the invention is carried out continuously in a liquid 
reaction medium in which a water concentration of greater than or equal to 1% 
by weight relative to the total weight of the liquid reaction medium, preferably 
5 greater than or equal to 2% by weight, is maintained. In this particular aspect, the 
process for producing a chlorinated organic compound according to the invention 
is carried out continuously in a liquid reaction medium in which a water 
concentration of less than or equal to 1 5% by weight relative to the total weight 
of the liquid reaction medium, preferably of less than or equal to 10% by weight, 

10 is maintained. Maintaining a water concentration of less than or equal to 8% by 
weight is also possible. 

In a first variant, the process for producing the chlorinated organic 
compound is carried out in the presence of at least one organic solvent such as a 
chlorinated organic solvent, a suitable alcohol, a ketone, an ester or an ether. 

1 5 The amount of heavy compounds produced on synthesizing 

chlorodihydroxypropane and dichloropropanol starting from glycerol and from 
hydrogen chloride can be notably reduced using a non-aqueous solvent that is 
miscible with glycerol and the various reaction products. Particular examples of 
such non-reactive solvents are dichloropropanol, dioxane, phenol and cresol. 

20 Chlorodihydroxypropane is also suitable as a diluent of glycerol with the aim of 
producing dichloropropanol. A mixture of such solvents is also suitable and 
mixtures of chlorodihydroxypropane and of dichloropropanol are particularly 
preferred for the production of dichloropropanol starting from glycerol The 
effect of the solvent is particularly advantageous if the glycerol content in the 

25 reaction medium is less than or equal to 50% by mass relative to the total mass of 
the reaction medium, and particularly good if this concentration is less than 30%. 
It is advantageously less than 10% by weight. 

In this variant, the solvent content in the reaction medium is generally from 
10 to 95% by weight, preferably from 30 to 80% by weight. 

30 In a second variant, the process for producing the chlorinated organic 

compound is carried out in the presence of an organic solvent comprising or 
consisting of heavy byproducts of the reaction. By "heavy byproducts of the 
reaction", it is intended to denote, for example, glycerol oligomers which can be 
at least partially chlorinated and/or esterified. A mixture of heavy byproducts 

35 with at least an additional organic solvent such as cited above is particularly 
suitable. 
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In another variant of the process for producing a chlorinated organic 
compound according to the invention, vapour stripping, in particular steam 
stripping of the reaction medium, is carried out. In this case, it is possible to 
obtain a fraction containing from 1 to 5, some times from 2 to 3 and preferably 
5 from 1 .5 to 2.5 mol/1 of chlorinated organic compound, in particular of 

dichloropropanol. In this variant, the stripped mixture is mainly composed of 
water and dichloropropanol. 

In a preferred variant, continuous or periodic withdrawal of a fraction 
comprising at least water and chlorinated organic compound, in particular 

10 dichloropropanol, is carried out Said fraction may also contain hydrogen 

chloride. Preferably, the fraction is withdrawn continuously as its constituents 
form. The fraction obtained can subsequently be subjected to an operation of 
separation by settling out 

In a particular variant, which is preferred when the reaction is carried out 

15 continuously and continuous or periodic withdrawal from the reaction of a 

fraction comprising at least water and chlorinated organic compound is carried 
out, the reaction medium is fed with water, in particular with steam. The feeding 
can be effected with extrinsic water originating from a suitable feed pipe or, 
optionally, with residual water recovered from another unit reaction or operation. 

20 This feed is generally effected in such as way as to maintain the water 

concentration in the reaction medium within the ranges indicated above. 

The variants involving continuous or periodic withdrawal can be effected 
by introducing into a distillation step a gaseous phase withdrawn starting from 
the reaction medium, in particular withdrawing and introducing into a distillation 

25 step a gas phase which is in equilibrium with a liquid reaction medium. . Where 
appropriate, this embodiment can be carried out in a reactor surmounted by a 
suitable distillation column. This embodiment is particularly suitable when 
aqueous hydrochloric acid is used as chlorinating agent It is also possible to 
arrange a distillation column separated from the reactor, the liquid bottom of 

30 which can be sent back to the reaction medium. This embodiment is particularly 
suitable when hydrogen chloride, for example gaseous or essentially anhydrous 
hydrogen chloride, is used as chlorinating agent. 

In this embodiment, the operating conditions of the reactor such as feed 
rates of reactants, in particular hydrogen chloride and glycerol, catalyst feed rate, 

35 temperature, reactor volume and pressure are preferably adjusted in such a way 
that the concentration of hydrogen chloride in the mixture fed in distillation 
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remains lower than the concentration of hydrogen chloride in the binary 
azeotropic hydrogen chloride-water mixture at the pressure of the reaction. An 
effective means of adjusting this concentration is controlling the hydrogen 
chloride supply to the liquid reaction medium. 
5 This embodiment of the process is preferably carried out continuously. 

In one aspect, the fraction to be introduced into the distillation column 
separated from the reactor is withdrawn continuously or periodically, preferably 
continuously, from the liquid, reaction medium and at least water and chlorinated 
organic compound is separated. In the distillation step, a fraction containing 

10 chlorinated organic compound may also be separated. In addition, one or more 
fractions containing organic products such as heavy byproducts and in particular 
catalyst and/or hydrogen chloride can also be separated in this distillation step 
and generally recycled to the reaction medium. By selecting an appropriate 
reflux ratio, it is possible to separate in this aspect a fraction containing at least 

1 5 water which is substantially free of hydrogen chloride. 

"Substantially free of hydrogen chloride", is understood to denote in 
particular a hydrogen chloride content in the fraction comprising water equal to 
or less than 10% by weight relative to the total weight of the fraction comprising 
water. Often, this content is equal to less than 5% by weight and preferably equal 

20 to or less than 1% by weight and more preferably equal to or less than 0.3% by 
weight Generally, "substantially free of hydrogen chloride" is understood to 
denote in particular a hydrogen chloride content in the fraction comprising water 
equal to or more than 1 mg/krg, often equal to or more than 10 mg/kg relative to 
the total weight of the fraction comprising water. In this aspect, it is possible to 

25 eliminate water formed during the reaction and/or introduced with the reactants 
from the reaction medium while maintaining substantially all of hydrogen 
chloride and catalyst in the reaction medium. 

The dichloropropanol, in particular the l,3-dichloropropane-2-ol, forms 
pseudoazeotrope with water and hydrogen chloride. The invention also relates to 

30 this pseudoazeotropic composition. 

Fundamentally, the thermodynamic state of a fluid is defined by four 
interdependent variables: the pressure (P), the temperature (T), the composition 
of the liquid phase (X) and the composition of the gaseous phase (Y). A true 
azeotrope is a particular system having 2 or more components, for which, at a 

35 given temperature and at a given pressure, the composition of the liquid phase X 
is exactly equal to the composition of the gaseous phase Y. A pseudoazeotrope is 
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a system having 2 or more components, for which, at a given temperature and at 
a given pressure, X is substantially equal to Y. In practice, this means that the 
constituents of such psoudoazcotropic systems cannot bo easily separated by 
distillation. 

5 For the purposes of the present invention, is understood in particular by 

"pseudo-azeotropic composition", a composition which has the property that, 
when it is subjected to an evaporation operation, after 50% by weight of the 
composition has evaporated the vapour pressure of the remaining composition 
differs from the vapour pressure of the initial composition by less than or equal 

10 to 10%. Preferably, this difference is less than or equal to 5%. 

Generally, the pseudoazeotropic composition according to the invention 
comprises from 43 to 63% by weight of water, from 23 to 43% by weight of 1,3- 
dichloropropane-2-ol and from 4 to 24% by weight of hydrogen chloride. 
A particular pseudo-azeotropic composition which is particularly difficult to 

1 5 separate by distillation may be characterized by its boiling temperature, which is 
106°C under 101 1 mbar. It consists, at this temperature and pressure, of 53% by 
weight of water, of 33% by weight of l,3-dichloropropane-2-ol and of 14% of 
hydrogen chloride. It was observed that this azeotropic composition separates, at 
temperatures of less than approximately 40°C, or even less than or equal to 25°C, 

20 into a dense organic phase and a lighter aqueous phase. The organic phase 

contains a considerable amount of l,3-dichloropropane-2-ol, for example at least 
50% by weight of the total weight of the organic phase, preferably at least 80% 
by weight, and the organic phase contains in addition water and hydrogen 
chloride. The aqueous phase contains water, hydrogen chloride and a minority 

25 amount of l,3-dichloropropane-2-ol, for example at most 50% by weight of the 
total weight of the aqueous phase, preferably at most 30% by weight An 
operation of decantation permits to separate the organic phase containing the 
dichloropropanol from the aqueous phase, this latter being recycled to the reflux 
of the distillation. 

30 It has been found that the exploitation of the liquid-vapour equilibrium 

properties of the water-hydrogen chloride-dichloropropanol ternary composition 
makes it possible to withdraw from the production reaction the reaction products 
comprising in particular dichloropropanol and water, while at the same time 
allowing most of the catalyses) and of the reactants (including the hydrogen 

35 chloride), to be recycled to the reactor. 



WO 2005/054167 



15 



PCT7EP2004/053008 



In a preferred embodiment, a separation of a fraction of the reaction 
medium is carried out by a distillation step and the sum of materials fed to this 
distillation step has a hydrogen chloride concentration which is lower than the 
hydrogen chloride concentration in the binary azeotropic composition hydrogen 
5 chloride/water at the pressure of the distillation. 

In consequence, the invention concerns also a process for separation of a 
mixture containing at least water, dichloropropane and hydrogen chloride 
wherein the mixture is separated in a distillation step wherein the sum of 
materials fed to said distillation step has a hydrogen chloride concentration 
10 which is lower than the hydrogen chloride concentration in the binary azeotropic 
composition hydrogen chloride/water at the pressure of the distillation. 

It is possible for example to control the hydrogen chloride content in the 
sum of materials fed to the distillation step by adding water. Such addition can 
be carried out for example by injection of vapour into the boiler of a distillation 
1 5 column used in the distillation step or by recycling to the distillation step of a 
water phase which can be obtained for example by decantation of a fraction 
withdrawn from the top of a distillation column. 

The maximum suitable hydrogen chloride concentration decreases slightly 
when the operating pressure is higher in agreement with the liquid-vapour 
20 equilibrium data for the azeotropic hydrogen chloride published by Bonner and 
Titus (J. Amer. Chem. Soc. 52, 633 (1930)) and partially reprinted in the Table 
hereafter : 



Pressure 
(Torr) 


Temperature 
(°C) 


IIC1 in azeotrope 
(%wt) 


50 


48.74 


23.42 


250 


85.21 


21.88 


I 370 


90.24 


21.37 


540 


99.65 


20.92 


760 


108.58 


20.22 


1000 


116.19 


19.73 


1220 


122.98 


19.36 



25 In such conditions, a fraction comprising water which fraction is 

substantially free of hydrogen chloride as defined above can be recovered by 
distillation from the reaction mixture or the gas phase above the liquid reaction 
mixture, e.g. by distilling material withdrawn from said gas phase and obtaining 
the fraction comprising water preferably at the top of the distillation column. 
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For instance, at atmospheric pressure (101,3 kPa), it is possible to obtain 
by distillation of the reactor gas phase a binary azeotropic mixture of water and 
dichloropropanol containing 23 % by weight of dichloropropanol if the hydrogen 
chloride concentration in that gas phase in contact with the reaction medium is 
5 lower than about 20.22 % by weight. . 

When dichloropropanol is not completely removed from the reaction 
medium by withdrawal of a fraction containing water, it is possible to recover at 
least a fraction of the reaction medium containing dichloropropanol. 

In this aspect of the process for producing a chlorinated organic compound 
10 according to the invention, at least one fraction comprising from 50 to 95% by 
weight of dichloropropanol and at most 50% by weight of water is generally 
recovered. Preferably, this fraction comprises from 75 to 99.9%, often from 75 to 
99%, by weight of dichloropropanol and from 0.01 to 25%, often from 1 to 25%, 
by weight of water. 

1 5 The recovery is preferably carried out by distillation or evaporation. Other 

fractions obtained during this step, comprising, for example, monochloro- 
propanediol and, optionally, glycerol and catalyst, can be recycled to the reaction 
with the chlorinating agent. It is also possible to separate at least one fraction 
containing heavy by-products of the reaction, such as described above, in 

20 particular chlorinated polyglycerols, which can be destroyed or can optionally be 
used in a process for producing polyglycerols, for example by dechlorination. 

The distillation or evaporation is generally earned out at a temperature of 
at least 20°C. This temperature is often at least 60°C. It is preferably at least 
70°C. The distillation or evaporation is generally carried out a temperature of at 

25 most 1 80°C. This temperature is preferably at most 140°C. 

The distillation or evaporation is generally carried out at a pressure of 
greater than 0.001 bar. This pressure is preferably greater than or equal to 
approximately 0.003 bar. The distillation or evaporation is generally carried out 
at a pressure of at most 1 bar. This pressure is often at most 0.5 bar. It is 

30 preferably at most 0.2 bar. 

The distillation or evaporation operation can be carried out either by means 
of distillation columns or by means of evaporators, of film evaporators or 
alternatively of wiped thin film evaporators. The recoverable fractions of the 
residues can be separated therefrom advantageously by means of a wiped thin 

35 film evaporator with an interior or exterior condenser. 
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In a particular variant, the dichloropropanol is produced according to a 
process comprising: 

(a) a first reaction step in which glycerol is brought into contact with the 
chlorinating agent so as to obtain a fraction of products comprising at least 

5 chloropropanediol; 

(b) optionally at least part of the fraction of products is subjected to a 
drying operation; 

(c) at least part of the fraction of optionally dried products is introduced 
into a second reaction step in which at least part of the chloropropanediol is 

10 reacted with the chlorinating agent. 

Steps (a) and (c) in this variant are preferably carried out under conditions 

and with the preferences as described above for the process for producing a 

chlorinated organic compound according to the invention. However, it is 

preferred to carry out the reaction of step (a) in the presence of water at a 
15 concentration preferably ranging from 20 to 80% by weight relative to the total 

weight of the reaction medium. 

Step (b) can be carried out, for example, by a stripping operation in at least 

one of the reactors of steps (a) or (c) or by means of an evaporator placed on a 

recirculation pipe exterior to the reactor. According to another preferred variant, 
20 the water is removed by means of a membrane technique. 

The process for producing an organic compound, in particular 

dichloropropanol, according to the invention can be carried out, for example, in 

cascade reactors, in at least one plate column or in at least one bubble column, or 

an assembly of such reactors. 
25 The reactors may effectively be of a type that is stirred either by means of 

internal stirring, or by means of a recirculation pipe exterior to the reactor. 
When, in the process according to the invention, the reaction medium is 

heated, the heating can be obtained, for example, by means of a jacket or by 

means of an internal heat exchanger. Heating can also be obtained by means of a 
30 heat exchanger on a recirculation pipe exterior to the reactor. Optionally, the 

heating is obtained by combined use of a jacket and of a heat exchanger on a 

recirculation pipe exterior to the reactor. 

In particular when the process according to the invention is operated in a 

continuous or fed-batch mode, secondary reactions can lead to the build-up in the 
35 reactor of by-products of low volatility, among which more or less chlorinated 

glycerol oligomers. This build-up can lead to a progressive increase of the 
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volume of the reaction medium and require a continuous or discontinuous purge 
of the reactor to keep the volume at an adequate level. 

If appropriate, the catalyst quantity which is removed during such 
purging operation can be compensated by the introduction of an equivalent 
5 quantity of pure or purified catalyst. 

The catalyst contained in the purge from the reaction mixture can be 
economically recycled in the reactor after a purification treatment. For example, 
catalysts with low solubility in water can be subjected to an acid hydrolysis 
treatment, preferably carried out at a temperature higher than 30°C, preferably at 

10 least 50°C which is followed by a separation step e.g. by decantation, filtration 
or extraction. It has been found that in the case of adipic acid, an acid hydrolysis 
of the purge leads after cooling and filtration, to the recovery of cristallised 
adipic acid of high purity with a good yield. 

When anhydrous HC1 is used, it is preferred to direct a liquid stream 

1 5 comprising the glycerol against the current of the stream of HC1. When the 
process is carried out in several reactors, the HC1 is advantageously dried 
between two reactors, for example by adsorption on a suitable solid, such as a 
molecular sieve, or by reverse osmosis through a suitable membrane. 

This particular embodiment of the process according to the invention 

20 makes it possible to obtain, particularly economically, concentrated 

dichloropropanol often having a dichloropropanol content of greater than or 
equal to 90% by weight relative to the total weight of the dichloropropanol. By 
means of this approach, it is possible to obtain l,3-dichloropropane-2-ol as major 
isomer with an isomeric purity of greater than 80%. 

25 In a particular embodiment of the present invention, when 

dichloropropanol is obtained in the process for producing a chlorinated organic 
compound according to the invention, part of this dichloropropanol can be 
subjected to a dehydrochlorination operation in the presence of at least one other 
alcohol, more particularly in the presence of polyols, such as, for example, 

30 bisphenol A, so as to obtain "epoxy" resins or useable monomers thereof The 
major isomer of the process for producing dichloropropanol according to the 
invention, 1,3 dichloropropanol, is particularly suitable for this operation since it 
makes it possible to conserve a linear structure of the polymer or monomer thus 
obtained. This is not the case of the 2,3-isomer obtained as majority product by 

35 the current industrial processes. 



WO 2005/054167 



19 



PCT7EP2004/053008 



The invention also relates to the use of a dichloropropanol containing at 
least 50% by weight of l,3-dichloropropane-2-ol relative to the total 
dichloropropanol, as starting product for producing organic compounds such as, 
in particular, epichlorohydrin or epoxy resins. In this use, the 1,3- 
5 dichloropropane-2-ol content is often greater than or equal to 75% by weight 
relative to the total dichloropropanol. Preferably, this content is greater than or 
equal to 80% by weight. Good results have been obtained with a 
dichloropropanol containing at most approximately 99% by weight, or even at 
most approximately 95% by weight, of l,3-dichloropropane-2-ol relative to the 

10 total dichloropropanol. It is also possible to use dichloropropanol consisting 
essentially of l,3-dichloropropane-2-ol. 

In a particular embodiment, when dichloropropanol is obtained in the 
process for producing a chlorinated organic compound according to the 
invention, at least part of this dichloropropanol is preferably subsequently 

15 subjected to a dehydrochlorination operation so as to obtain epichlorohydrin. 

The processes for producing epichlorohydrin that are generally used, for 
example starting with allyl chloride, produce epichlorohydrin containing 
chlorinated organic impurities such as, for example, trichloropropane, 
trichloropropene, dichloropropene or 2-chloroprop-2-en-l-ol, which impurities 

20 have drawbacks when the epichlorohydrin is used in certain qualities of epoxy 
resins. This type of impurities is present, where appropriate, in a greatly reduced 
concentration in the epichlorohydrin obtained according to the invention. The 
process according to the invention therefore makes it possible to produce highly 
pure epichlorohydrin containing fewer bothersome impurities. 

25 In particular, the epichlorohydrin may exhibit a purity of greater than or 

equal to 99.5% by weight. 

It has been noted that the l,3-dichloropropane-2-ol which can be obtained 
as majority product according to the invention possesses a reactivity in a 
dehydrochlorination reaction, in particular a basic dehydrochlorination, that is 

30 greater than its 2,3 -dichloropropane- 1 -ol isomer obtained as majority product by 
the current industrial processes. This aspect makes it possible to improve the 
selectivity of the dehydrochlorinatioii operation by reducing the residence time 
of the reactants in the synthesis medium. 

Moreover, the process according to the invention makes it possible to 

35 reduce the volume of the aqueous effluents of an epichlorohydrin production and 



WO 2005/054167 



20 



PCT/EP2004/05J008 



also to minimize the content of these effluents in organochlorinated by-products 
such as, for example, chlorinated ethers. 

l,3-Dichloropropan-2-ol is surprisingly relatively unreactive with 
epichlorohydrin and docs not give rise to the formation of a significant amount 
5 of organochlorinatcd by-products during the synthesis of epichlorohydrin. 

The use of purified l,3-dichloropropane-2-oI, in particular having the 
l,3-dichloropropane-2-ol contents specified above, in epichlorohydrin synthesis 
makes it possible to further improve the quality of the production effluents by 
dramatically reducing the formation of chlorinated impurities. 
10 According to a particular embodiment, the epichlorohydrin is produced in 

an aqueous reaction medium, fed with from 1 to 30% by weight of 
dichloropropanol relative to the total feed. 

According to another embodiment, that is preferred, the reaction medium 
of the process for producing epichlorohydrin according to the invention is fed 
15 with from 30 to 90 weight% of dichloropropanol relative to the total feed. In the 
latter variant, the reaction medium is often fed with from 60 to 90 weight% of 
dichloropropanol, preferably from 65 to 80 weight%. It is also possible to 
advantageously cany out a feed with from 30 to 65% by weight of 
dichloropropanol relative to the total feed. 
20 This embodiment makes it possible in particular to considerably reduce the 

water waste of the process. 

In another particular variant of the process for producing epichlorohydrin 
according to the invention, the dichloropropanol is used in stoichiometric or 
substoichiometric quantities relative to the base. In this case, at least 
25 1 equivalents of base per equivalent of dichloropropanol is generally used. At 

least 1.5 equivalents of base per equivalent of dichloropropanol are often used. In 
this case, at most 5 equivalents of base per equivalent of dichloropropanol are 
generally used. 

In still another particular variant of the process for producing 
30 epichlorohydrin according to the invention, the dichloropropanol is used in 

excess relative to the base, which makes it possible to improve the yield. La this 
case, at least 1.1 equivalents of dichloropropanol per equivalent of base are 
generally used. At least 1.5 equivalents of dichloropropanol per equivalent of 
base are often used. At least 2 equivalents of dichloropropanol per equivalent of 
35 base are preferably used. In this case, at most 5 equivalents of dichloropropanol 
per equivalent of base are generally used. 
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Other reactants that are fed into the process for producing epichlorohydrin 
according to the invention are preferably chosen from aqueous solutions, in 
particular concentrated solutions of at least one base preferably chosen from 
NaOH, Ca(OH) 2 and purified caustic brine. The expression '^purified caustic 
5 brine" is intended to denote caustic soda which can contain NaCl such as 

produced by a diaphragm based electrolysis process. The content of base in the 
solution or the slurry is, in this case, generally at least 5% by weight, preferably 
at least 1 0% by weight and most preferably equal to or more than about 20% by 
weight. This content is generally less than or equal to 60% by weight A content 

10 of approximately 50% by weight is very suitable. 

The feed may also contain an organic solvent such as a ketone or an ether, 
for example methyl ethyl ketone. 

A single feed or, preferably, a feed in stages, for example with two or three 
feed points, can be carried out 

15 The medium in this reaction embodiment may be a single-phase medium 

or, in particular when an organic solvent is used, a two-phase medium. 

In a particular variant, an at least partial feed of water recovered optionally 
from the process for producing dichloropropanol described above is carried out. 
This water can, for example, be used to generate basic solution or slurry. 

20 In the process for producing epichlorohydrin according to the invention, 

the reaction is generally carried out at a temperature of at least 0°C. This 
temperature is often at least 20°C. It is preferably at least 30°C. In the process for 
producing epichlorohydrin according to the invention, the reaction is generally 
carried out at a temperature of at most 140°C. It is preferably at most 120°C. In a 

25 first particular variant, the temperature is from 25 to 50°C. In a second particular 
variant, the temperature is from 60 to 100°C. 

In the process for producing epichlorohydrin according to the invention, it 
is particularly advantageous to at least partially recover water possibly present at 
the end of the dehydrochlorination, for example by evaporation or by reverse 

30 osmosis. This recovery, described below, can also be used in other 

dehydrochlorination processes, in particular in processes using a basic solution 
or slurry. 

By means of this recovery operation, it is possible to obtain an aqueous 
fraction enriched in salts, in particular in NaCl, and a fraction rich in water. The 
35 fraction enriched in salts can be recovered and used, optionally after a suitable 

purification step, for example in an electrolysis plant for producing chlorine, or it 
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can be introduced into an optionally oxidative treatment intended to reduce its 
content of organic compounds possibly present, and eliminated from the plant. It 
is also possible to carry out an evaporation to dryness and, preferably, to 
eliminate the salt recovered in solid form. The fraction rich in water can be used 
5 advantageously for producing, where appropriate, the basic aqueous solution or 
slurry for use in the process for producing epichlorohydrin according to the 
invention. 

In a particular aspect, salt, in particular NaCl is eliminated or recovered, 
during the dehydrochlorination operation, in an amount not exceeding 5, often 

10 not exceeding 2, preferably not exceeding 1.2, but generally of at least 1 mol of 
NaCl per mole of epichlorohydrin produced. The NaCl is often eliminated 
substantially exclusively during the dehydrochlorination step. 

The invention also relates to a process for producing polyglycerol, 
according to which glycerol obtained from renewable raw material is used, in 

15 accordance with the use according to the invention, as starting product and said 
glycerol is preferably brought into contact with at least one condensing agent or 
with epichlorohydrin in the presence of a base. Suitable conditions for the latter 
reaction are described in US Patents 4,960,953 and 5,041,688 in the Applicant's 
name. 

20 The condensing agent may be an acidic or basic agent. A solid 

condensation catalyst may optionally be used. 

In the process for producing polyglycerol according to the invention, 
epichlorohydrin derived from the process for producing epichlorohydrin 
according to the invention described above is preferably used 

25 The invention also relates to a process for producing epoxy resins, 

according to which epichlorohydrin derived from the process for producing 
epichlorohydrin according to the invention described above is reacted with an 
alcohol and/or a polyol. The production of epoxy resins is described, for 
example, in Ullmann's Encyclopedia of Industrial Chemistry, 5. ed, Vol. A9, 

30 p. 547-562. 

The invention also relates to a process for producing biodiesel and an 
organic compound, according to which: 

(a) a plant oil is subjected to a trans-esterification reaction with an alcohol 
other than glycerol, preferably methanol or ethanol, so as to recover at least 

35 biodiesel and a crude product comprising glycerol; 
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(b) the crude product is optionally subjected to a purification operation 
such as distillation; 

( c ) glycerol formed in step (a) is subjected to the process for producing an 
organic compound according to the invention. 

5 In another process step (a) can consist of subjecting a plant oil to a 

hydrolysis reaction with water,for example under superatmospheric pressure, so 
as to produce at least a mixture of fatty acids and a crude product comprising 
glycerol and obtaining biodiesel by esterification of the fatty acid mixture. 
In a first variant of the process for producing biodiesel and an organic 

10 compound according to the invention, at least steps (a) and (c) are carried out on 
the same production site. 

In a second variant of the process for producing biodiesel and an organic 
compound according to the invention, steps (a) and (c) are carried out on 
different production sites. Step (c) is advantageously located in the vicinity of a 

1 5 source of chlorine or of hydrogen chloride. 

Figure 1 shows a particular scheme for a plant that can be used for carrying 
out the process for producing a chlorinated organic compound according to the 
invention. This plant comprises 3 reactors. The first reactor (1 1) is fed through 
line (1) with glycerol and with a catalyst. The liquid bottom of this first reactor 

20 feeds the second reactor (12) via line (8), and the second feeds the third (13) via 
line (9). The gaseous HC1 is fed through line (5) into the third reactor, the 
degassing of the latter feeds, in liquid phase, the second reactor via line (14), the 
degassing of which itself feeds the first reactor via line (15). In each reactor, the 
water formed by the reaction is eliminated as it is produced, with the degassing 

25 of the reactors. All the water therefore leaves by means of the degassing of the 
first reactor. 

Particularly preferred temperatures and residence time are 1 00°C and 3 
hours for reactor (1 1) and 130°C and 8 hours for reactor (12) and 130°C and 8 
hours for reactor (13) as indicated in figure 1 . 
30 The degassing of the first reactor involves a column (1 6), the residue of 

which is sent back to this reactor. The water whose acid has been removed exits 
at the head of the column (17). The dichloropropanol accompanying the water by 
azeotropy is separated therefrom by settling out and is recycled to the second 
reactor via line (2). 

35 The dichloropropanol, the catalyst and the heavy products leaving the third 

reactor are then separated by distillation in the column (18), the dichloropropanol 
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can bo withdrawn at the top via line (7), the catalyst and the heavy products can 
bo withdrawn at the bottom via line (8). The column preferably functions under a 
vacuum of 0.1 bar. 

The column feed can be filtered via filter (19) so as to remove solid 
5 particles possibly present in crude glycerol. 

The heavy products of column (1 8) may or may not be recycled to the 
reactor (11). 

Figure 2 shows a preferred particular scheme for a plant that can be used 
for carrying out the process for producing dichloropropanol according to the 

10 invention :A reactor (20) is fed, in a continuous or batch mode, with glycerol via 
line (21) and catalyst via line (22), the feed of hydrogen chloride, anhydrous or 
in aqueous solution, is carried out continuously or in batch-mode via line (23), 
A distillation column (30) is fed via line (24) with vapour produced firom reactor 
(20), A stream is withdrawn from column (30) via line (26) and fed to decantor 

15 (3 1) in which aqueous and organic phases are separated A fraction of the 
separated aqueous phase is optionally recycled via line (27) to the top of the 
column for maintaining reflux The production of dichloropropanol is distributed 
between the organic phase withdrawn through line (29) and the aqueous phase 
withdrawn through line (28). The residue from column (30) can be recycled to 

20 the reactor via line (25). Heavy by-products can optionally be removed from the 
reactor by means of a purge (32) located in the liquid bottom of the reactor. 
Results obtained according to this scheme are detailed in example 12. 
This variant of the process allows to remove at the top by azeotropy almost 
all of the water arising from the reaction, from the starting materials and/or 

25 possibly fed in the bottom of the reactor or of the column and to obtain a mixture 
of dichloropropanols of very high purity, above 99.5 % by weight for the sum of 
the two isomers, with a selectivity related to hydrocarbon chain and hydrogen 
chloride higher than 99 % by weight. 

Figure 3 shows a more preferred scheme for a plant that can be used for 

30 carrying out the process for producing dichloropropanol according to the 

invention a reactor (33) is continuously or batch fed with glycerol via line (41) 
and catalyst via line (42), the feed of hydrogen chloride, anhydrous or in aqueous 
solution, is carried out continuously or in batch-mode through line (43), a 
distillation column (42) is fed via line (34) with the vapour produced from 

35 reactor (33), the residue from column (42) is recycled via line (35) to the reactor 
(33), a purge from the reactor bottom is fed via line (37) into a stripper (44) 
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wherein a partial stripping operation is carried out e.g. by heating or by gas 
sweeping with nitrogen or steam, the gas phase containing most of the hydrogen 
chloride from stream (37) is recycled via line (38) to the column (42) or via line 
(45) to the reactor (33), a distillation or stripping column (43) is fed with the 
5 liquid phase arising from the stripper (44) via line (39), the main fraction of 

dichloropropanols is collected from the top of the column through line (40) and 
the column residue is recycled via line (41) to the reactor (33). Stripping can t>e 
carried out with nitrogen or steam or by heat Heavy by-products can optionally 
be removed from the reactor by means of a purge (46) located in the liquid 
10 bottom of the reactor. 

This variant of the process allows to remove at the top by azeotropy almost 
all of the water arising from the reaction, from the starting materials and/or 
possibly fed in the bottom of the reactor or of the column. In addition to the 
advantages presented by the previous scheme, this more preferred scheme related 
15 to the previous one, allows a limited steam consumption. 

The examples below are intended to illustrate the invention without, 
however, limiting it. 
Example 1 

A mixture of 453 g of glycerol (4.92 mol) and of 29.5 g of glacial acetic 
20 acid (0.49 mol) was heated at 1 10°C with stirring for 20 minutes. Anhydrous 

hydrogen chloride was then blown into this mixture according to a programmed 
flow rate of 5.2 mol/h for 2h, 3.8 mol/h for 100 min and, finally, 1.3 mol/h for 
317 min. In total, 23.6 mol of hydrogen chloride were introduced. The analysis 
of the reaction mixture at the end of trial appears in Table 1 . The rate of 
25 conversion of the glycerol was 99. 1 % and the selectivity in terms of heavy 

products related to the glycerol (diglycerol and chlorinated diglycerol) related to 
the glycerol comes to 0.4%. 
Example 2 

A mixture of 1 10 g of glycerol (1.20 mol), of 257 g of l-chloro-2,3- 
30 dihydroxypropane (2.32 mol) and of 21 g of glacial acetic acid (0.35 mol) was 
heated at 1 10°C with stirring for 20 minutes. Anhydrous hydrogen chloride was 
then blown into this mixture according to a flow rate successively set at 
4.76 mol/h for 26 min, 2.04 mol/h for 71 min, 0.62 mol/h for 4 h and, finally, 
0.3 mol/h for 10 h. In total, 10.0 mol of hydrogen chloride were introduced. The 
35 analysis of the reaction mixture at the end of trial appears in Table 1 . The rate of 
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conversion of the glycerol was 99.5% and the selectivity in terms of heavy 
products (diglyccrol and chlorinated diglycerol) was 0.03%. 

Table 1 

5 





Trial 1 


Trial 2 




(g/kg) 




Glycerol 


: 4.6 


0 


1 -Chloro-2,3 -dihydroxypropane 


166 


55 


2-Chloro-l ,3 -dihydroxypropane 


40 


6.6 


1 ,3 -Dichloropropan-2-ol 


475 


711 


2,3 -Dichloropropan- 1 -ol 


11 


20.8 


Diglycerol 


1 


0 


Monochlorinated diglycerol 


3 


0.4 


Acetic acid 


21 


23 


Organic acetates 


43 


29.5 


Water 


178 


121 


Hydrochloric acid 


58.8 


57.7 



Examples 3-7 

Aqueous hydrochloric acid, glycerol, an organic acid and dichloropropanol 
were introduced at a constant flow rate into a 350 ml glass reactor thermostatted 
10 at the trial temperature. The reactor, which fonctioned at atmospheric pressure, 
was equipped with an overflow system for maintaining a constant volume of 
liquid. The reaction mixture fraction that was vaporized was evacuated from the 
reactor and condensed at ambient temperature. The condensate separated into 
2 phases: a dense organic phase containing mainly dichloropropanol and a lighter 
1 5 aqueous phase containing most of the hydrochloric acid which had not reacted. 
The liquid mixture collected at the overflow outlet contained the remainder of 
the dichloropropanol production. 

Example 3 describes the use of concentrated hydrochloric acid with acetic 
acid as catalyst Most of the catalyst used (55%) evaporated from the reaction 
20 liquid and was found in the condensate. 

Example 4 illustrates the improvement provided by replacing the acetic 
acid with caprylic acid. A more limited fraction (10%) of the acid was in this 
case found to be evaporated from the reactor. 

Examples 5 to 7 demonstrate the effect of the reaction temperature. The 
25 best results were obtained above 120°C. 
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Kram ples 8 to 1 1 

The reactor described for Examples 3 to 7 was modified so as to be 
surmounted by a distillation column for rectifying the reaction medium fraction 
vaporized. Only the hydrochloric acid, the glycerol and the catalyst were 
5 introduced into the reactor at a constant flow rate. The reflux rate of the column 
was fixed at 50%. The results obtained using azeotropic hydrochloric acid 
diluted with an amount of water sufficient to produce the azeotropic entrainment 
of the dichloropropanol formed are given in detail in the table, under Examples 8 
to 10. Optimal hydrochloric acid conversion and dichloropropanol selectivity 
10 was observed at around 130°C. Analysis of the distilled fractions indicates 

hardly more than a contamination of the dichloropropanol with a limited amount 
of carboxylic acid. 

Example 1 1 illustrates the excellent results obtained with adipic acid 
The various control parameters and also the results obtained in trials 3 to 
15 1 1 are given in detail in Table 2. 
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Sam ple 12 (figure 2) 

Reactor (20) has been continuously fed with glycerol and a 33 % by weight 
hydrochloric acid solution with relative flow rates mass ratios of 1 / 2.36, The 
residence time was 20 hours, the adipic acid concentration in the reaction 

5 medium was 3 mol of acid functionalities/kg. The reactor has been operated at 
atmospheric pressure and at 130 °C. A vapour phase phase containing 55,3 %of 
water, 9,1 %hydrogen chloride, 9,4 % of dichloropropanol and 25,1 % glycerol 
monochlorohydrin has been generated The liquid phase of the reaction mixture 
contained 7.7 % of water and 1.24 % of hydrogen chloride. The gas phase 

10 removed from column (30) has been condensed at 25 °C and decanted in 

decanter (31). Reflux ratio was adjusted to withdraw the entire production of 
dichloropropanol at the top of column by recycling an appropriate amount of the 
aqueous phase from the decantor. 

At the outlet of the decanter an aqueous phase containing 15.0 % of 

15 dichloropropanol and an organic phase containing 88 % of dichloropropanol 

were recovered. The yield of dichloropropanol was 93 %. The analyses of both 
phases did not reveal any organic contaminant which content would be higher 
than 0.1%. The hydrochloric acid content of the aqueous phase was 0.037 % and 
the adipic acid content was 18 mg/kg. 

20 Example 13 (purification of adipic acid from the reaction mixture purge) 

A reaction mixture sampled from the continuous process and which 
composition is reprinted in the here below table has been subjected to a 



hydrolysis treatment. 





Unit 


Concentration 


HCI 


(g/kg) 


1,4 


water 


(g/kg) 


50,0 


dichloropropanol 


(g/kg> 


271 


3-chloro-1 ,2-propanediol 


(g/kg) 


71 


2-chloro-1 ,3-propanediol 


(g/kg) 


13 


glycerol 


(g/kg) 


3 


adipic acid 


(g/kg) 


26 


diglycerol dichlorohydrine 


(g/kg) 


0,9 


diglycerol 


(g/kg) 


<1 


dichloropropanol adipate monoester 


(g/kg) 


96 


glycerol monochlorohydrine adipate monoester 


(g/kg) 


108 


glycerol adipate monoester 


(g/kg) 


6,7 


diglycerol dichlorohydrine adipate monoester 


(g/kg) 


64 


diglycerol monochlorohydrine adipate monoester 


(g/kg) 


8,8 


carboxylic acid + carboxylic esters (groups) 


(mol/kg) 


4,54 
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250 g of this sample have been placed in a round bottom flask fitted with 
a Dean-Stark separator. Azeotropic hydrogen chloride (100.2 g) and water 
(36.26 g) have been added to the flask. The mixture was refluxed for 10 h. After 
that treatment, 79.2 g of organic phase containing 88 % of dichloropropanol and 
5 1 2 % of water have been obtained in the Dean-Stark as well as 1 8. 1 g of an 

aqueous phase saturated with 15% of dichloropropanol. The flask contained 284 
g of a mixture which has been fractioned at 100 °C. 

A first fraction of the hydrolyzed mixture (134.3 g) has been cooled to 
room temperature under stirring. After 1.5 hour, 41.9 g of a crystalline white 
10 solid have been isolated by filtration. After 20 more hours, a new crop of 6.7 g 
of crystals is isolated from the first filtrate. Compositions of both solids and of 
the second filtrate are detailed in the next Table. Adipic crystals of 80 to 84 % 



lurity have been obtained with a recovery yield of 87 %. 





Unit 


So|KM 


Solid 2 




HCI 


(g/kg) 


18,3 


19,2 


75,6 


water 


(g/kg) 


63,5 


80,5 


338 


dichloropropanol 


(g/kg) 


42 


50 


184 


3-chtoro-1 ,2-propanediol 


(g/kg) 


41 


51 


176 


2-ch!oro-1 ,3-propanediol 


(g/kg) 


13 


16 


55 


glycerol 


(g/kg) 


8,3 


12 


36 


adipic acid 


(g/kg) 


843 


801 


33 


d [glycerol dichlorohydrine 


(g/kg) 






2,4 


diglycerol 


(g/kg) 


1.2 


0,8 


1.8 


dichloropropanol adipate monoester 


(g/kg) 


0,8 


1 


4,2 


glycerol monochlorohydrine adipate monoester 


(g/kg) 


9.7 


14 


38 


glycerol adipate monoester 


(g/kg) 


2,7 


3,7 


14 


diglycerol dichlorohydrine adipate monoester 


(g/kg) 


1.5 


2,3 


6 


diglycerol monochlorohydrine adipate monoester 


(g/kg) 


1.1 


1.6 


4,3 


carboxylic acid + carboxylic esters (groups) 


(mol/kg) 


11,27 


10,59 


1.12 



15 A second fraction of the hydrolyzed mixture (1 14.7 g) has been cooled to 

room temperature under stirring after being added with 28.2 g of water. After 
1.5 hour, 27.7 g of a crystalline white solid have been isolated by filtration. 
After 20 more hours, a new crop of 7 g of crystals has been isolated from the first 
filtrate. A dilution by water leads to purer adipic acid crystals (purity of 91-93 

20 %) but with a lower global recovery yield of 75 %. The recovered solid did not 
contain heavy by-products 
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Unit 


Solid 1 


Solid 2 


2nd filtrate 








a 7 


4 


water 




54,5 


2ft *5 


AQQ 0 


□icnioropropanoi 




24 




1 


3-chloro-1 ,2-propanediol 


(g/kg) 


22 


24 


135 


2-chloro-1 ,3-propanedioI 


(g/kg) 


7 


7,5 


43 


glycerol 


(g/kg) 


5,1 


5,6 


28 


adipic acid 


(g/kg) 


912 


928 


62 


diglycerol dichlorohydrlne 


(g/kg) 


0 


0 


2,1 


dlglycerol 


(g/kg) 


<0.5 


0 


0,5 


dichloropropanol adipate monoester 


(g/kg) 


0 


0 


1.7 


glycerol monochlorohydrine adipate monoester 


(g/kg) 


0 


0 


18 


glycerol adipate monoester 


(g/kg) 


o 


0 


6,9 


diglycerol dichlorohydrine adipate monoester 


(g/kg) 


<0.5 


0 


0,5 


diglycerol monochlorohydrine adipate monoester 


(g/kg) 


0 


0 


0,5 


carboxylic acid + carboxytic esters (groups) 


(mol/kg) 


12,38 


13,46 


1,16 
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CLAIMS 

1 - Process for producing dichloropropanol, according to which glycerol is 
subjected to a reaction with a chlorinating agent, with the exception of a reaction 
carried out in the presence of acetic acid or its derivatives. 

5 2 - Process according to claim 1 , wherein the reaction is carried out 

continuously. 

3 - Process according to claim 1 or 2, wherein the chlorinating agent 
comprises substantially anhydrous hydrogen chloride. 

4 - Process according to claim 1 or 2, wherein the chlorinating agent is an 
10 aqueous solution of hydrogen chloride with a hydrogen chloride content higher 

than or equal to 4 % by weight, preferably higher than or equal to 20 % by 
weight, and most preferably higher than or equal to 30% by weight. 

5 - Process according to any of claims 1 to 4, wherein the reaction is 
carried out in the liquid phase. 

15 6 - Process according to any of claims 1 to 5, wherein, a carboxylic acid, a 

carboxylic acid anhydride, a carboxylic acid chloride, a carboxylic acid salt or a 
carboxylic acid ester preferably having an atmospheric boiling point of greater 
than or equal to 200°C, is used as the catalyst. 

7 - Process according to claim 6 wherein, the catalyst is adipic acid, adipic 
20 acid anhydride, adipic acid chloride, adipic acid salt or adipic acid ester. 

8 — Process according to claim 6 or 7 wherein the acid concentration in the 
reaction medium expressed in mole of acid and of acid esters derivatives per kg 
of liquid reaction medium is higher than or equal to 0.1 and lower than or equal 
to 10. 

25 9 - Process according to any of claims 1 to 8, wherein the reaction is 

carried out in the presence of at least one organic solvent. 

10 - Process according to claim 9, wherein the solvent comprises 
chloropropanediol and/or dichloropropanol and/or heavy by-products of the 
reaction. 
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1 1 - Process according to any of claims 1 to 10 wherein the water 
concentration in the reaction mixture is lower than or equal to 15% by weight 

12 — Process according to any of claims 1 to 1 1 wherein reaction 
conditions are adjusted in such a way that the concentration of hydrogen chloride 

5 in the gas phase above the liquid reaction mixture remains lower than the 

concentration of hydrogen chloride in the binary azeotropic hydrogen chloride- 
water mixture. 

13 - Process according to any of claim 1 to 12, in which continuous or 
periodic withdrawal of a fraction comprising at least water with a hydrogen 

10 chloride content equal to or less than 10% by weight relative to the total weight 
of the fraction comprising water and optionally dichloropropanol is carried out, 
and the reaction medium is optionally fed with water, in particular with steam. 

14 — Process according to any of claims 1 to 13, wherein the reaction is 
carried out in a reactor made of materials that are resistant, under the conditions 

15 of reaction, to the chlorinating agent and are selected from enamelled steel, 
polymers, coatings by means of resins, metals or alloys, ceramics and 
metalloceramics and refractory materials. 

15 - Process for producing dichloropropanol according to any of claims 1 
to 14 wherein reactor (20) is fed, in a continuous or batch mode, with glycerol 

20 via line (21) and catalyst via line (22), the feed of hydrogen chloride, anhydrous 
or in aqueous solution, is carried out continuously or in batch-mode via line (23), 
a distillation column (30) is fed via line (24) with vapour produced from reactor 
(20), a stream is withdrawn from column (30) via line (26) and optionally fed to 
decantor (31) in which aqueous and organic phases are separated. 

25 1 6 - Process for producing dichloropropanol according to any of claims 1 

to 15 wherein a reactor (33) is continuously or batch fed with glycerol via line 
(41) and catalyst via line (42), the feed of hydrogen chloride, anhydrous or in 
aqueous solution, is carried out continuously or in batch-mode through line (43), 
a distillation column (42) is fed via line (34) with the vapour produced from 

30 reactor (33), the residue from column (42) is recycled via line (35) to the reactor 
(33), a purge from the reactor bottom is fed via line (37) into a stripper (44) 
wherein a partial stripping operation is carried out e.g. by heating or by gas 
sweeping with nitrogen or steam, the gas phase containing most of the hydrogen 
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chloride from stream (37) is recycled via line (38) to the column (42) or via line 
(45) to the reactor (33), a distillation or stripping column (43) is fed with the 
liquid phase arising from the stripper (44) via line (39), the main fraction of 
dichloropropanol is collected from the top of the column through line (40) and 
5 the column residue is recycled via line (41) to the reactor (33). 

17 — Process according to any of claims 15 to 16 wherein 

(a) a liquid phase is withdrawn from reactor (20) or (33) 

(b) a, preferably azeotropic, hydrogen chloride/water mixture is added to the 
liquid phase and the resulting mixture is then heated 

10 (c) the acid is recovered from this resulting mixture, for example by 
crystallization and optionally recycled to reactor (20) or (33). 

1 8 - Process according to claim 1 7 wherein water is added to the resulting 
mixture from step (b) and the acid catalyst is recovered by crystallization and 
recycled to the reactor (20) or (33). 

15 1 9 - Process according to anyone of claims 1 to 1 8, wherein 

l,3-dichloropropan-2-ol is obtained with a selectivity of at least 50%. 

20 - Process according to anyone of claims 1 to 19, wherein the glycerol 
used has at least partially been produced from renewable raw materials 

21 - Pseudo-azeotropic composition consisting essentially of 
20 dichloropropanol, hydrogen chloride and water. 

22 - Process for producing organic compounds comprising 

(a) a first step wherein glycerol is produced from renewable raw materials and 

(b) a second step wherein organic compounds are produced from glycerol 
obtained in the first step. 

25 23 - Process according to claim 22, wherein the glycerol used in the 

second step is a crude product comprising besides, water and a metal salt, 
preferably selected from NaCl, KC1, sodium sulfate and potassium sulfate. 
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24 - Process according to claim 23 wherein the crude product comprises 
from 40 to 99 % by weight of glycerol, from 5 to 50% by weight of water and 
from 1 to 10 % by weight of metal salt 

25 - Process according to claim 22, wherein the glycerol used during the 
5 second step is a purified product. 

26 — Process according to claim 25, wherein the purified product contains 
from 80 to 99.9 % by weight of glycerol and from 0.1 to 20 % by weight of 
water. 

27 - Process according to any of claims 22 to 26, wherein the glycerol is 
10 obtained by conversion of animal fets or has been obtained during the 

manufacture of biodiesel. 

28 - Integrated process of production according to claim 27 according to 
which 

(a) a plant oil is subjected to a trans-esterification reaction with an alcohol other 
1 5 than glycerol, preferably methanol or ethanol, so as to recover at least 

biodiesel and a crude product containing glycerol ; 

(b) the crude product is optionally subjected to a purification operation such as 
distillation ; 

(c) glycerol formed in step (a) is subjected to the process for producing an 
20 organic compound. 

29 - Process according to claim 28, according to which the steps of 
production of glycerol and of production of the organic compound are carried out 
on the same production site. 

30 - Process according to claim 28, according to which the steps of 

25 production of glycerol and of production of the organic compound are carried out 
on different production sites. 

31 - Process for producing epichlorhydrin wherein 



(a) dichloropropanol is produced in accordance with a process according to 
anyone of claims 1 to 30; 
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(b) at least one fraction of the obtained dichloropropanol is subjected to a 
dehydrochlorination reaction. 

32 - Process according to any of claims 22 to 3 1, wherein, glycerol is 
contacted with at least one condensing agent or with epichlorohydrin, possibly in 

5 the presence of a base, and polyglycerol is obtained. 

33 - Process for producing epoxy resins according to which 
epichlorohydrin derived from the process according to claim 31 is used as 
starting material. 

34 — Process for producing epoxy resins wherein dichloropropanol 

10 containing at least 50% by weight of l,3-dichloropropane-2-ol relative to the 
total dichloropropanol is used as the starting material. 

35 - Process according to claim 6 wherein, the catalyst is a dicarboxylic 
acid, a dicarboxylic acid anhydride, a dicarboxylic acid chloride, a dicarboxylic 
acid salt or a dicarboxylic acid ester 

15 36 - Process for separation of a mixture containing at least water, 

dichloropropane and hydrogen chloride wherein the mixture is separated in a 
distillation step wherein the sum of materials fed to said distillation step has a 
hydrogen chloride concentration which is lower than the hydrogen chloride 
concentration in the binary azeotropic composition hydrogen chloride/water at 

20 the pressure of the distillation. 



WO 2005/054167 



1/3 



PCT/EP2004/053008 



Figure 1 
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Figure 2 
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